INTRODUCTION {#sec1-1}
============

Schizophrenia is a clinical syndrome that involves cognition, emotion, perception, and other aspects of behavior. The expression of these manifestations varies across patients and with time, but the effect of the illness is often severe and is usually long-lasting. The disorder usually begins before age 25, persists throughout life, and affects persons of all social classes. Although schizophrenia is discussed as if it is a single disease; it probably comprises a group of disorders with heterogeneous etiologies.\[[@ref1]\]

Oxidative stress is an imbalance between oxidants and antioxidants in favor of the oxidants, potentially leading to damage.\[[@ref2]\] Antioxidant is "any substance that when present at low concentrations compared with that of an oxidizable substrate, significantly delays or inhibits oxidation of that substrate."\[[@ref3]\]

The potential toxicity of free radicals is counteracted by a number of cytoprotective enzymes and antioxidants that limit the damage. All cells in eukaryotic organisms contain powerful antioxidant enzymes. The three major antioxidant enzymes are superoxide dismutases (SOD), catalases and glutathione (GSH) peroxidases.\[[@ref4]\] Although multiple factors can precipitate oxidative stress in cells, the neurotransmitter glutamate is the major effector of this process in the brain, primarily through activation of its ionotropic receptors.\[[@ref5]\] The excitatory amino acids and neurotransmitters whose metabolism produces reactive oxygen species, are unique in the brain as sources of oxidative stress. Other sources are generated by the high and constant use of oxygen in the mitochondria to supply the energy needs of these tissues. Free radicals are also produced by cytochrome P450 electron transport and the monoamine oxidase activity of the outer mitochondrial membrane.

Role of oxidative stress has been reported in various neurological diseases such as Alzheimer\'s disease,\[[@ref6]\] Parkinson\'s disease,\[[@ref7]\] Huntington\'s disease,\[[@ref8]\] and cognitive impairment in elderly patients.\[[@ref9]\]

There are also evidences suggesting oxidative disturbances in psychiatric disorders such as bipolar mood disorder,\[[@ref10]\] schizophrenia,\[[@ref11]\] and depression.\[[@ref12]\] Previous studies have predominantly examined products of lipid peroxidation and DNA oxidation as markers of oxidative damage. Most data demonstrating oxidative disturbances have examined indirect measures of oxidative status such as peripheral and brain levels of antioxidants, oxidative enzymes, and products. The direct measurement of free radicals is difficult because of their short half-lives and low titers.

A commonly used method of measuring lipid peroxidation is the performance of thiobarbituric acid reactive substances (TBARS) assays. TBARS are low-molecular-weight substances, consisting malondialdehyde (MDA), which are formed from the decomposition of unstable lipid peroxidation products and react with thiobarbituric acid (TBA) to form fluorescent adducts.\[[@ref13]\] Deficiency of glutathione, the major intracellular antioxidant, in its reduced form (GSH), has been observed and suggested to be of pathophysiological significance in schizophrenia as early as 1934,\[[@ref14]\] although differences did not reach statistical significance in that study. Significant GSH deficiency has subsequently been reported.\[[@ref15]\] Most of the previous studies are done in patients who are on antipsychotics. There are reports that antipsychotics increases generation of free radical within the brain. Hence, the present study tries to examine the oxidative stress by measuring the level of MDA and level of antioxidant enzymes: SOD and glutathione peroxidase (GPX) in drug-naive schizophrenics patients in India. In this study, the correlation between sociodemographic characteristics and PANNS score with the level of MDA, SOD, GPX was also seen.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study was conducted at the Department of Psychiatry, Jawaharlal Nehru Medical College and Hospital, Aligarh Muslim University, Aligarh. Fifty drug-naive patients of schizophrenia who attended psychiatry outpatient department (OPD) or were admitted in the psychiatry ward for the 1^st^ time between July 2010 and September 2011 were selected. Informed consent was taken from each patient/caregivers and normal controls subjects. The study was approved by the Board of Studies of the Department of Psychiatry and Ethical Committee of Faculty of Medicine.

All the subjects were initially evaluated in detail on a semi-structured proforma which included sociodemographic characteristics, clinical history, physical and mental status examination. Diagnosis of schizophrenia was made according to International Classification Of Diseases-10 (ICD-10)\[[@ref16]\] diagnostic criteria, independently by two psychiatrists. Then they were assessed using positive and negative syndrome scale (PANSS)\[[@ref17]\] for severity of disease.

Inclusion criteria {#sec2-1}
------------------

All cases of schizophrenia that fulfilled ICD-10 diagnostic criteria of schizophreniaAll cases of schizophrenia that were drug-naïve and attended psychiatry OPD/inpatient department for the 1^st^ timeThe patients/caregivers who gave informed consent for participation in the study.

Exclusion criteria {#sec2-2}
------------------

Any history of physical and psychiatric illnessHistory of substance abuse.

Whole blood samples were obtained by venipuncture from patients and controls. These were collected in heparinized tubes. Obtained samples were then centrifuged, and plasma was carefully removed. The prepared red blood cells (RBCs) hemolysate were then used to estimate the following:

MDA by spectrophotometric measuring of TBA reactivity\[[@ref18]\]SOD was estimated using spectrophotometrical method based on auto-oxidation of pyrogallol\[[@ref19]\]Glutathione peroxide (GSX-Px) activity was measured according to the method of Moin.\[[@ref20]\]

Subjects were then compared with 50 normal healthy individuals who were age and sex matched and belonging to the general population.

Statistical analysis {#sec2-3}
--------------------

All Statistical analyses were done using SPSS software version 17 statistical package for window (Chicago Inc.). Continuous variables were expressed as mean ± standard deviation (Gaussian distribution), range and qualitative data were expressed as a percentage. Depending on normality distribution, unpaired *t*-test for independent samples and ANOVA was used for comparing continuous variables between two groups. Chi-square test was used to compare qualitative data. All *P* values were two-tailed and values of *P* \< 0.05 were considered statistically significant. All confidence interval were calculated at 95% level.

OBSERVATION AND RESULTS {#sec1-3}
=======================

The sociodemographic profiles of the cases were given below in the [Table 1](#T1){ref-type="table"}. The mean age of the patients was 29.54 ± 11.90 years, mostly female (76%), illiterate (50%) having equal proportions from rural (50%) and urban (50%) background. Majority of the schizophrenics are of the paranoid type (94%), and remaining are catatonic (2%), simple (2%) and the hebephrenic type (2%).

###### 

Sociodemographic profile

![](IJPsy-56-344-g001)

The comparison of oxidative stress and antioxidants enzyme level in schizophrenic patients with normal healthy controls.

The level of oxidative stress (MDA) was increased and the level of antioxidative enzymes (GPX and SOD) was decreased in schizophrenic patients as compared to normal healthy controls. The mean level and standard deviation of the cases were MDA (48.9 ± 8.2 nmol/ml Hb), GPX (30.3 ± 7.6 U/mg Hb), SOD (21.4 ± 7.5 U/mg Hb) and controls were MDA (10.7 ± 5.4 nmol/ml Hb), GPX (66.2 ± 7.7 U/mg Hb), SOD (52.4 ± 7.9 U/mg Hb). The mean difference between cases and controls was significant (\<0.05) \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Comparison of oxidative stress and antioxidants enzyme level in schizophrenic patients with normal healthy controls
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![Comparison of oxidative stress and antioxidants enzyme level in schizophrenic patients with normal healthy controls](IJPsy-56-344-g003){#F1}

There was no significant relationship of age, sex, educational status, marital status, and severity of illness (PANSS score) with oxidative stress (MDA) and antioxidative enzymes (GPX and SOD) level in schizophrenic patients was found, but there was significant relationship of locality with oxidative stress (MDA) and antioxidative enzymes (GPX and SOD) level in schizophrenic patients was found. Urban population have a higher level of MDA, GPX, and SOD than the rural population.

DISCUSSION {#sec1-4}
==========

The brain and nervous system possess high potential for the initiation of free radical reactions because of extensive aerobic metabolism which can cause more damage in the brain and nervous system relative to other tissues due to insufficient antioxidative protection.\[[@ref21]\] Dopamine and norepinephrine are associated with the production of free radicals and increased catecholamines metabolism in certain conditions also increases the free radical burden.\[[@ref22]\] Similarly, trauma and ischemia of the brain generate free radicals which are particularly related to reperfusion or reoxygenation of the tissue.\[[@ref23]\] The brain contains both enzymatic and nonenzymatic antioxidants against free radical damage. The enzymatic antioxidants include SOD, glutathione peroxidase (GSH-Px), catalase, glutathione reductase, and glucose-6-phosphate dehydrogenase.\[[@ref24]\] Lipid peroxidation and antioxidative defense mechanisms in RBCs to a certain extent reflect the state of the cell membranes of different tissues including brain tissue.\[[@ref25]\] We investigated pro/antioxidant status in RBCs of schizophrenic patients with both positive and negative symptoms.

The identified increase in lipid peroxidation product (MDA) in RBC, which was consistent with the findings reported by Altuntas *et al*. and Herken *et al*.\[[@ref15][@ref26]\] A lot of studies reported increased level of MDA in plasma\[[@ref11][@ref27][@ref28][@ref29][@ref30]\] and unchanged level of MDA was also reported by Ranjekar *et al*.\[[@ref32]\] but it has smaller (*n* - 31) sample size.\[[@ref31]\] Study by Dadheech *et al*. from India also reported increased level of MDA.\[[@ref31]\]

The antioxidative enzymes (GPX and SOD) are decreased in our study which correlate with the findings reported by Ranjekar *et al*., Li *et al*., Ben Othmen *et al*.\[[@ref30][@ref32][@ref33]\] and Dadheech *et al*. from India.\[[@ref31]\] However, some studies also reported increased and unchanged levels.\[[@ref10][@ref11][@ref26]\]

Decreased RBCs GSH-Px activity in schizophrenia could be explained by several factors. It is possible that it was a result of its oxidative inactivation\[[@ref34]\] or because of its kinetic properties. The affinity of selenium GSH-Px for glutathione is low,\[[@ref35]\] so GSH-Px is not saturated with glutathione even at high concentrations of this substrate. Decreased glutathione content, found in other studies\[[@ref15]\] also supports this hypothesis. However in a recent, small sample size study in first episode drug-naive schizophrenic reports decreased glutathione level and increased GSH-Px level.\[[@ref36]\] Though we have not differentiated between acute and chronic cases, the obtained decrease in this enzyme activity could be a consequence of exhausted adaptive response to a long-lasting oxidative stress during chronicity of this disease. In a recent study, statistically significant difference between the deficit schizophrenia and nondeficit schizophrenia in terms of oxidative stress and serum total antioxidant level has been reported implicating as both having a different disease entity.\[[@ref37]\]

Red blood cells have been extensively studied as a susceptible target for oxidative damage, since they are long-lived cells and very rich in Fe2^+^ -containing molecules, primarily Hb that generate oxygen radicals.\[[@ref38][@ref39]\]

Overall, the data suggest that the changes in susceptibility of RBCs lipids to peroxidation observed in schizophrenics may be explained in part by change in levels of saturated and unsaturated fatty acids in RBC membranes. It can be assumed that decreased SOD activity and decreased GSH-Px activity might result in accumulation of H~2~O~2~ and other hydroperoxides in erythrocytes of schizophrenic. It could be responsible for further production of free radicals in Fenton reaction\[[@ref40]\] in nervous tissue and amplification of oxidation of susceptible molecules, which could amplify the damage of neurons and lead to their death. Despite important physiological roles of NO, excessive formation or inadequate degradation of this compound has been suggested an important factor in the genesis of neurological disorders.\[[@ref41]\] Furthermore, NO may cause impairment in mitochondrial permeability,\[[@ref42]\] which affect ATP synthesis and organelle\'s ability to sequester excess cellular Ca2^+^,\[[@ref43]\] both of which could contribute to neuronal death and alter the thought processing in schizophrenia. Marked oxidative stress in schizophrenia, increased level of intracellular Ca2^+^, and reactive oxygen species can be potent activators of (mitogen-activated protein) kinases\[[@ref44]\] and associated activation of transcription factor NF-κB.\[[@ref45]\] This factor regulates the expression of genes coding cell adhesion molecule proteins, nitric oxide synthase, proinflammatory cytokines, all of which play diverse roles in neuronal development, signal transduction, synaptic stabilization, neurogenesis, learning, and memory.

Our findings support the hypothesis of disturbances of oxidative stress and antioxidant mechanisms in schizophrenia. Further, antioxidant effects of established antipsychotic agents provide indirect evidence for oxidative pathophysiological mechanisms in schizophrenia. Abnormalities in levels of antioxidants and oxidative products have been reported to reverse over the course of treatment with atypical antipsychotics, coinciding with symptomatic improvement.\[[@ref46][@ref47]\] A recent meta-analysis report oxidative stress abnormalities might be independent of antipsychotics in first episode psychosis, it also says total antioxidant status, RBC catalase, and plasma nitrite might be state markers for acute exacerbations of psychosis and RBC SOD might be trait markers; however, more longitudinal studies are needed to prove this.\[[@ref48]\]

We can make recommendations of possible use of antioxidants as an adjunct therapy with antipsychotics. Few trials are done with Vitamin C and *E, Gingko biloba* extract and N-acetylcysteine.\[[@ref49][@ref50][@ref51][@ref52]\]

Our study also evaluates the relation of sociodemographic parameters and severity of illness measured by PANSS score on oxidative stress and antioxidative enzymes.

We found, there was no significant association of age, sex, educational status, marital status, and PANNS score with oxidative stress (MDA) and antioxidative enzymes (GPX and SOD) in the schizophrenic patients except incidentally significantly higher values of all the three parameters (MDA, GPX, SOD) was seen in urban population than rural one. Which can be due to modern lifestyles, different dietary habits and increased psychological stress in urban population? However, we cannot draw any inference because level of all the three parameters (MDA, GPX, and SOD) was increased.

In this study, all the participant patients with schizophrenia had never taken any treatment earlier. Thus, this study supports the hypothesis that, there is a disturbance in antioxidant enzyme system in schizophrenia due to the increased oxidative stress, and this further intensifies with the aging process and chronic stage of the illness. A stressful life and polluted environment also make a contribution in deteriorating the condition. This also emphasizes the importance of nutrient antioxidant supplementation to support the entire antioxidant defense system.

Limitations of the present study {#sec2-4}
--------------------------------

Other parameters which influence oxidative stress and antioxidant enzymes level were not included in the study like dietary habits, smoking habits, lifestyles, etcAll the selected cases were of an acute nature which might influence the oxidative stress and antioxidant enzymes level. Comparisons were needed to be done with chronic casesMeasurement of oxidative stress and antioxidant enzymes level were done before the treatment was started, no subsequent measurement was done to verify the changes in these parameters with the treatment or improvement in the disease process.

**Source of Support:** Nil

**Conflict of Interest:** None declared
